A new photochemical method was employed to damage the inner ear microcirculation in the rat. Under pentobarbital anesthesia, the middle ear was exposed by a ventral approach and the tympanic membrane and the malleus and incus were removed. The vestibule was then illuminated by a filtered xenon light (wave length: 540 nm) while rose bengal was infused intravenously. Microscopic examination revealed disintegration of the hair cells in the vestibule. Changes could be prevented by pretreatment with intravenous acetylsalicylic acid (ASA) or heparin. Twenty-four hours after the completion of photo-illumination the rats exhibited nystagmus toward the intact ear and showed rolling during the swimming test, both signs of equilibrium dysfunction. These findings were inhibited by ASA or heparin pretreatment. Our present results indicate that our method causes a photochemically induced occlusion in the rat's inner ear microcirculation and may be useful for evaluating the various effects of drugs on the inner ear.
Introduction
Circulatory disorders in the inner ear are suspected to elicit a sudden onset of vertigo [2, 9] , sudden deafness [2, 4, 5] , presbycusis [6] and Meniere's disease. Several models of circulatory disorders in the cochlea have been reported and studied histologically and physiologically [3, 7] . In a previous report [13] , we described a new model of hearing loss in rats subsequent to the photochemical induction of microthrombus formation in the cochlea. This method is based on the process in which photochemically activated rose bengal produces oxygen radicals and oxygen singlets. These compounds in turn damage vascular endothelium to cause adhesion and aggregation of platelets in the microcirculation of the tissues of an irradiated organ [1, 10, 14] .
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Since few suitable animal models of vascular disorders in the vestibule have been described, we extended our method for obstructing microvascular flow to the inner ear in order to establish a novel model of equilibrium dysfunction due to damage in the vestibular microcirculation.
Materials and methods
Male Wistar rats weighing 240-260g were used. All rats were shown to have normal Preyer's reflexes before the experiment. The animals were anesthetized with pentobarbital-Na (50mg/kg, i.p.). A catheter was placed in the femoral vein for the administration of rose bengal. The left middle ear was exposed by a ventral approach and the middle ear was opened. The tympanic membrane, malleus and incus were removed without damage to the inner ear. Body temperature measured rectally was maintained at 37.0 + 0.5°C with an Aquamatic K module heating pad (American Pharmaseal Company, Valencia, Calif., USA).
Rose bengal (20 mg/ml; Wako, Kyoto, Japan) was dissolved in physiological saline, and was then infused intravenously via the femoral vein at the rate of 2.4ml/kg per hour (48gmol/kg per hour). Photo-illumination of the vestibule through the oval window was started at 20 min after initiation of the rose bengal infusion, using a 3 mm ~ optic fiber connected to a 75 W xenon lamp (L-3306-01A; Hamamatsu Photonics, Hamamatsu, Japan). This lamp had a heat-absorbing filter and a green filter (i.e., a 54-nmwide band centered at 540 nm). The head of the optic fiber was placed 3 mm away from the oval window.
Photo-illumination was continued for 40 min during which the rose bengal infusion was maintained (Fig. 1) . Then the catheter for administration of the rose bengal was removed and the wounds were closed. Twenty-four hours after the completion of photoilluminatin, nystagmus was measured using a telemetric system (PhysioTel Dataquest III; Primetech, Holliston, Mass., USA) connected to a recorder (Nihon, Kohden, Tokyo, Japan) in a dark Fig. 1 . Experimental procedure. Pretreatment with acetylsalicylic acid or heparin sodium followed by rose bengal (48 mg/kg per hour) infusion and photo-illumination of the vestibular organ through the oval window room. The electrodes for measuring the nystagmus were placed subcutaneously on both sides of the right eye. Finally, the swimming test was performed. In this test, a rat swims in a water bath while its behavior is observed. Rats which rotate about their longitudinal axes are judged to have equilibrium dysfunction. In a control series of the experiments, the effect of photo-illumination or rose bengal infusion alone was evaluated in 5 rats each.
For studying morphological lesions the rats were anesthetized with pentobarbital-Na 24 h after the completion of photo-illumination, killed by exsanguination, and immediately perfused transcardially for lmin with saline followed by 10% formaldehyde solution. Both temporal bones, cerebrum, cerebellum and brain stem were removed for light microscopic examinations. All specimens were embedded in paraffin and sectioned horizontally a t 8 gm. Every fifth section was stained with hematoxylin and eosin for light microscopy.
The effects of acetylsalicylic acid (ASA; Katayama Chemical, Osaka, Japan) or heparin sodium (Novo; Gentofte, Denmark) were also evaluated in the test rats. Doses of 1.0, 3.0 and 5.0 mg/kg ASA or 30, 100 and 300IU/kg heparin sodium dissolved with saline were administered intravenously in a volume of 0.1 ml/100 g rat weight 30 rain or 5 rain before the photo-illumination, respectively. A series of control experiments was carried out using 14 animals injected with the same volume of saline alone.
Data were analyzed statistically using the chi-square test (Fischer's exact probability test).
Results
All animals treated with the combined infusion of rose bengal and photo-illumination showed spontaneous nystagmus toward the intact side, i.e. paralytic nystagmus 24 h after the completion of photo-illumination (Fig. 2) . During the swimming tests, all animals treated with the photo-illumination/rose bengal combination showed longitudinal rotation toward the injured side 24 h after producing the lesion. In contrast, none of the animals infused only with rose bengal or irradiated with photoillumination alone showed nystagmus or rotatory movements in the swimming test 24 h after these interventions.
The morphological lesions detected in the histological samples consisted of disintegration of the hair cells and edema of supporting tissue in the macula and ampulla and red cell coagulation in the microvasculature at 24 h after the completion of the photo-illumination. No changes were observed in the vestibules of those animals infused with rose bengal alone or those irradiated by photo-illumination during the saline infusions (Fig. 3 a, b) . These sections of the cerebrum, cerebellum and brain stem showed that these sites were not damaged by any of the test procedures.
The effect of various doses of ASA or intravenous heparin sodium on the appearance of spontaneous nystagmus and rotatory movement in the swimming test is shown in Table 1 . Both ASA and heparin sodium significantly inhibited the appearance of nystagmus, while only heparin sodium pretreatment inhibited the rotatory movement in the swimming test. The spontaneous nystagmus having quick phases toward the intact side observed at 24 h after the completion of photo-illumination. Nystagmus -: Absent nystagmus in a rat pretreated with 300 IU/ kg heparin sodium at 24h after the completion of photo-illumination
Discussion
In our morphological study, an extensive degeneration of the vestibular organs was observed 24 h after the completion of the photo-illumination (Fig. 3a, b) . These findings were similar to those reported by Kimura and Perlman [8] . The lesions produced were strictly localized to the illuminated area, since the cerebrum, cerebellum and brainstem were not damaged by the combination of photo-illumination with the rose bengal infusion. The occurrence of nystagmus as well as rotatory movements in the swimming test was significantly reduced by both ASA and heparin sodium. Therefore, these findings suggest that photochemical occlusion in the vestibular microcirculation alone was produced in our animals.
Since our test procedures do not result in direct injury to the bony labyrinth, bleeding or complicating infections were uncommonly found in our animals. In fact, all rats survived the experiments in our study without complications, yet all those treated with both irradiation and rose bengal showed functional and anatomical evidence for site-specific lesions. Despite the relatively simple intervention, in terms of invasiveness and accuracy of the lesion our model appears to offer advantages over the mechanical and pharmacological destruction of the vestibule reported previously [11, 12] . The functional disturbances found suggest that this model is indeed suited for studying disorders of the vestibular microcirculation.
Heparin was more effective in suppressing the tissue damage produced in our animals. This result suggests a more potent role of the heparin-inhibited fibrin clot over platelet aggregation in creating photochemically induced microthrombosis in the rat inner ear. As such, a large amount of tissue thromboplastin might be released from the endothelial cells injured photo-chemically to activate prothrombin in the inner ear's microcirculation. That ASA at its highest dose suppressed nystagmus predominantly may be explained by the difference in the degree of lesions created in the macula and ampulla. However, the heterogeneity of these lesions and the drug effects must still be clarified in further study.
Our present findings indicate that our model of equilibrium dysfunction in rats may be useful for studying the pathophysiotogical processes subsequent to ischemia localized in the vestibular organ. By so doing, the mechanism of vestibular compensation and changes in function can be examined and the effects of concurrent pharmacological interventions evaluated.
